1. Introduction
===============

Nonsmall cell lung cancer (NSCLC) is one of the malignancies with the highest morbidity and mortality.^\[[@R1]\]^ NSCLC accounts for 85% to 90% of all lung cancer cases.^\[[@R2]\]^ It mostly affects men ≥65 years of age and cigarette smoking is the main risk factor.^\[[@R2],[@R3]\]^ Its prognosis is usually poor, and the 5-year survival rate is \<15% to 18%.^\[[@R4]--[@R6]\]^

In patients with NSCLC, the incidence of first-episode brain metastasis is about 10%, while the incidence of brain metastasis throughout the disease course is around 25% to 38%.^\[[@R7]--[@R10]\]^ The median survival of patients with NSCLC is only 1 to 3 months once brain metastasis occurs.^\[[@R11],[@R12]\]^ At present, the primary treatment of brain metastasis is whole brain radiotherapy (WBRT), which only prolongs the median survival of most patients by 4 to 6 months and is considered to have marginal benefit by some authors.^\[[@R13]--[@R18]\]^

An epidermal growth factor receptor (EGFR) mutation is considered a marker of good prognosis of NSCLC because these cancers respond to EGFR tyrosine kinase inhibitors.^\[[@R19]--[@R24]\]^ On the other hand, the risk of brain metastasis is considered to be higher for NSCLC patients with EGFR mutation than for those with wild-type EGFR,^\[[@R25],[@R26]\]^ but this is nevertheless controversial.^\[[@R27]\]^ Among patients with NSCLC and EGFR mutations, the presence of brain metastasis leads to worst outcomes compared with extracranial metastases alone.^\[[@R28]\]^

Even if previous studies demonstrated that EGFR-tyrosine kinase inhibitors (TKIs) can effectively improve the prognosis of NSCLC patients with sensitive EGFR mutations,^\[[@R19]--[@R24]\]^ the optimal timing of WBRT and EGFR-TKI remains controversial.^\[[@R29]\]^ Therefore, the aim of this retrospective study was to examine the outcomes of concurrent versus sequential WBRT and EGFR-TKI in NSCLC patients with EGFR mutations. The results could provide some rationale for a prospective multicenter randomized clinical trial.

2. Subjects and methods
=======================

2.1. Study design and patients
------------------------------

This was a retrospective study based on the clinical data of 105 patients with NSCLC and brain metastasis who carried an EGFR mutation, and were treated at the Affiliated Hospital of Guangdong Medical University between January 2011 and December 2014. The inclusion criteria were: histopathological diagnosis of NSCLC; patients with metastases confirmed by computed tomography (CT) or magnetic resonance imaging (MRI); Eastern Cooperative Oncology Group (ECOG) score of 0--2; no systemic infections or other malignancies; no history of chemotherapy or radiotherapy to treat brain metastasis; exon 19 deletion or exon 21 L858R mutation in EGFR; and at least one measurable extracranial and intracranial lesion. The exclusion criteria were: incomplete clinical data; or incomplete follow-up data. This study was approved by the Ethics Committee of the Affiliated Hospital of Guangdong Medical University. Informed consent was waived by the committee because of the retrospective nature of the study.

2.2. Treatment methods
----------------------

The patients received oral gefitinib 250 mg/d, erlotinib 150 mg/d, or icotinib 125 mg/tid until disease progression, death, or adverse events that could not be tolerated. For WBRT, an Elekta linear accelerator was used. Lesion localization was simulated using CT. The clinical target volume (CTV) was plotted, and quantitation limits of the organs at risk were determined. The intersection of brainstem, optic nerve, and optic chiasm was ≤50 Gy, the eyes were ≤45 Gy, and the crystal was ≤8 Gy. Whole brain radiotherapy was performed using 6 to 10 MV X-ray with a total dose of 30 Gy in 10 fractions or 40 Gy/20 fractions.

For patients with brain metastases, when the disease progressed after first-line therapy, the ECOG PS scores of most patients were 3 to 4. For patients with the ECOG PS score lower than 2, application of second-line drug for mono-chemotherapy could be considered. The other patients continued their initial EGFR-TKIs treatment or received best supportive care. The regimens of the mono-chemotherapy included using Pemetrexed (500 mg/m^2^, intravenous infusion, d1) or Docetaxel (75 mg/m^2^, intravenous infusion, d1). Twenty-one days were considered one cycle. Oral administration of dexamethasone was conducted for all the patients before chemotherapy. For the patients who received Pemetrexed therapy, 0.4 mg/d of folic acid was orally administered 1 week before the chemotherapy, and intramuscular injection of 1 mg Vitamin B12 was conducted 1 week before every 3 cycles.

2.3. Grouping
-------------

The patients were divided according to the treatment they had received: EGFR-TKI alone (group A); EGFR-TKI combined with concurrent WBRT (group B); or TKI starting one week after the completion of WBRT (sequential treatment; group C).

2.4. Response evaluation
------------------------

Treatment response evaluation was made using enhanced CT or MRI based on the Response Evaluation Criteria in Solid Tumors (RECIST) (version 1.1).^\[[@R30]\]^ Response was divided into complete remission (CR), partial remission (PR), stable disease (SD), and progressive disease (PD). The intracranial objective response rate (iORR) was calculated according to CR + PR and the intracranial disease control rate (iDCR) was calculated according to CR + PR + SD. Evaluation of all patients was performed by 2 deputy chief physicians from the Oncology Department.

2.5. Data collection
--------------------

Baseline characteristics of the patients were collected through their medical records. The treatment status was obtained by follow-up records. Brain symptoms were defined as the common symptoms/signs of the central nervous system (headache, dizziness, unilateral limb movement disorders, vomiting, speechlessness, psychiatric disorders, etc.).

2.6. Definitions and follow-up
------------------------------

The overall survival (OS) was defined as the time from the diagnosis of brain metastasis to the time of death due to any causes. Intracranial progression-free survival (iPFS) was the time from the diagnosis of brain metastasis to progression of intracranial lesions or death. Extracranial progression-free survival (ePFS) was defined as the time from starting treatment to disease progression or death due to any causes. Follow-up was censored on June 15, 2017. Intracranial lesions were examined, and response was evaluated by enhanced CT or MRI one month after treatment. Follow-up was performed every 2 months. The OS, iPFS, and ePFS were compared among the 3 groups. The adverse events were evaluated according to the criteria of the NCI CTC 4.0.^\[[@R31]\]^

2.7. Statistical analysis
-------------------------

SPSS 21.0 (IBM, Armonk, NY) was used for statistical analysis. The categorical variables were expressed as frequency and percentage, and group-wise comparison was performed by Chi-square test. Survival analysis was performed using the Kaplan--Meier method, and the differences among groups were analyzed by the log-rank test. Two-sided *P*-values \<.05 were considered statistically significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

A total of 105 patients were included and divided into group A (n = 39), group B (n = 34), and group C (n = 32). There was no significant difference in clinical data among the 3 groups (Table [1](#T1){ref-type="table"}). Two, one, and one patient lost follow-up in group A, B, and C, respectively. Thirty-four (32.4%) of the 105 patients received second-line mono-chemotherapy, among whom 13, 11, and 10 were in group A, B, and C, respectively (*P* = .836).

###### 

Comparison of the clinical characteristics among the 3 groups.
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3.2. Short-term benefits
------------------------

Evaluation at 1 month after treatment showed that iORR was significantly different among the 3 groups (*P* = .003). The iDCR in group B was significantly higher than that in group A (*P* \< .05) but was not significantly different compared to group C (*P* \> .05). There was no significant difference in iDCR between groups A and C (*P* \> .05) (Table [2](#T2){ref-type="table"}).

###### 

Comparison of the response among the 3 groups of patients at 1 month after the treatment.
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3.3. Survival
-------------

The median OS of groups A, B, and C were 16.9, 24.5, and 21.3 months, respectively, with significant differences among the 3 groups (*P* \< .001). The median OS of group B was significantly higher compared to groups A and C (*P* \< .05). The median iPFS of groups A, B, and C were 6.8, 12.4, and 9.1 months, respectively, with significant differences among the 3 groups (*P* \< .001). The median iPFS of group B was significantly higher compared to groups A and C (*P* \< .05). The median ePFS of groups A, B, and C were 7.8, 9.4, and 8.3 months, respectively, without significant difference (*P* = .852) (Table [3](#T3){ref-type="table"}) (Fig. [1](#F1){ref-type="fig"}).

###### 

Comparison of survival among the 3 groups.
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![Overall survival (OS) (A), intracranial progression-free survival (iPFS) (B), and extracranial progression-free survival (ePFS) (C) Kaplan--Meier curves of the 3 groups.](medi-97-e13014-g004){#F1}

3.4. Adverse events
-------------------

The most common adverse events of the 3 groups of patients during the treatment included headache, vomiting, hair loss, rash, diarrhea, and elevated transaminases, which were mostly grade 1 or 2. These symptoms improved after symptomatic treatment, and all the patients could tolerate these events.

4. Discussion
=============

Previous studies demonstrated that EGFR-TKIs can effectively improve the prognosis of NSCLC patients with sensitive EGFR mutation,^\[[@R19]--[@R24]\]^ but the optimal timing of WBRT and EGFR-TKI remains controversial.^\[[@R29]\]^ Therefore, this retrospective study aimed to examine the outcomes of concurrent versus sequential WBRT and EGFR-TKI in NSCLC patients with EGFR mutation. The results suggest that the simultaneous application of EGFR-TKIs and WBRT can effectively improve the short- and long-term benefits of patients with brain metastasis of NSCLC carrying EGFR mutation, without additional adverse events.

The prognosis of NSCLS is poor.^\[[@R4]--[@R6]\]^ In patients with NSCLC, the incidence of first-episode brain metastasis is about 10%, with the incidence of brain metastasis throughout the disease course around 25% to 38%.^\[[@R7]--[@R10]\]^ Because there are often multiple brain metastases and because of the delicate brain structure, surgical resection is often impossible. In addition, most chemotherapy drugs cannot cross the blood--brain barrier, which results in extremely poor therapeutic responses and systemic toxic effects, further affecting the quality of life of the patients.^\[[@R4],[@R11]--[@R13],[@R22]--[@R25],[@R30]--[@R33]\]^

Radiotherapy is currently the main treatment for brain metastases from NSCLC.^\[[@R34]\]^ With continuous development of molecular biology techniques in the diagnosis and treatment of tumors, the concept of "precision medicine" has been proposed and widely used.^\[[@R35]\]^ EGFR-TKIs are a first-line treatment choice for patients with lung cancer carrying EGFR mutations.^\[[@R19]--[@R24]\]^ Multicenter trials like IPASS^\[[@R36]\]^ and WJTOG3405^\[[@R37]\]^ confirmed the role of EGFR-TKIs as first-line treatment of NSCLC patients with EGFR mutation (including patients with brain metastasis). Both European Society for Medical Oncology (ESMO)^\[[@R2]\]^ and National Comprehensive Cancer Network (NCCN)^\[[@R38]\]^ guidelines recommend using EGFR-TKIs as the standard first-line treatment strategy for the advanced stage NSCLC patients with EGFR gene mutations (including those with brain metastases). In addition to conventional chemotherapy and radiotherapy, the presence of an EGFR-mutation also offers the chance of targeted therapy with EGFR-TIKs for the advanced stage NSCLC patients. However, as yet, there is no high-grade evidence available in ESMO^\[[@R2]\]^ or NCCN^\[[@R38]\]^ guidelines regarding selecting and arranging brain radiotherapy to better benefit patients. Currently, the main EGFR-TKI drugs used clinically are gefitinib, erlotinib, and imatinib.^\[[@R39],[@R40]\]^ Because of their small molecular size, EGFR-TKIs can enter the brain through the blood--brain barrier and can effectively control brain metastasis. Nevertheless, the response to EGFR-TKIs alone is not satisfactory in the treatment of patients with brain metastasis from NSCLC.

Using EGFR-TKIs alone for the treatment of patients with brain metastases of NSCLC involves relatively high intracranial recurrence rate, and the PFS is also short. Park et al^\[[@R41]\]^ prospectively analyzed the data of using EGFR-TKIs alone for the treatment of brain metastases of lung cancer in 28 patients with EGFR mutation, and found tumor progression in 21 patients (13 patients with only intracranial progression, 4 with intra- and extracranial progression, and 4 with only extracranial progression). In addition, 14 of the 17 patients with intracranial progression received radiotherapy. The PFS of all the patients was 6.6 months, and OS was 15.9 months. The relatively long survival time in these patients was probably due to the radiotherapy after tumor progression. These findings highlight several drawbacks in using EGFR-TKIs alone for the treatment, which could be associated with the function of blood--brain barrier that restrict the transfer of EGFR-TKIs into brain, and therefore lead to low dose of EGFR-TKIs in the central nervous system. Yang et al^\[[@R42]\]^ reported that the median iPFS was 4.8 and 10.0 months for patients with brain metastasis of NSCLC carrying EGFR mutation in the WBRT and icotinib groups, respectively (*P* \< .05), while the median OS was 20.5 and 18.0 months, respectively (*P* \> .05). Therefore, treating brain metastases from NSCLC using TKI therapy alone seems insufficient. On the other hand, WBRT is not restricted by the blood--brain barrier and may facilitate the intracranial transfer of EGFR-TKIs. Previous studies have already demonstrated that using EGFR-TKIs could increase the sensitivity of tumor cells to radiotherapy^\[[@R43]--[@R45]\]^ thus concurrent application might exert a synergistic effect between EGFR-TKIs and radiotherapy. Supporting our finding that concurrently using WBRT and EGFR-TKIs was the most effective treatment.

A phase II clinical trial conducted by Welsh et al^\[[@R43]\]^ revealed that ORR of patients with brain metastasis from NSCLC can be improved to 86% using WNRT combined with erlotinib, and the median survival of patients carrying EGFR mutation was up to 19.1 months. Zeng et al^\[[@R44]\]^ reported ORR and DCR of patients with brain metastasis of NSCLC carrying EGFR mutation of 71.4% and 85.7%, respectively, when using gefitinib combined with WBRT, with median OS of 23.4 months. In the present study, the iORR of patients with brain metastasis from NSCLC treated with EGFR-TKIs alone was 66.7%, while the median OS and iPFS were 16.9 months and 6.8 months, respectively. iORR, median OS, and iPFS were significantly better when EGFR-TKIs were used with WBRT, suggesting that WBRT combined with EGFR-TKIs can improve the prognosis and prolong survival of patients with brain metastasis of NSCLC.

In the present study, the timing (concurrent vs sequential) of WBRT and EGFR-TKI was also studied. The results showed that iORR, median iPFS, and OS were better for patients in the concurrent group compared with the sequential group. This is supported by a previous study that showed that EGFR-TKI combined with WBRT not only prolong the iPFS of the patients, but also improve the OS, compared to EGFR-TKI sequential therapy after WBRT.^\[[@R46]\]^ Previous studies demonstrated that EGFR-TKIs can significantly improve the sensitivity of tumor cells to radiotherapy.^\[[@R47],[@R48]\]^ The possible mechanisms include: promotion of tumor cell apoptosis; reduction of the radiation resistance of tumor cells; inhibition of tumor angiogenesis; inhibition of radiation injury repair; and inhibition of the re-proliferation of tumor cells after radiation injury.^\[[@R47],[@R48]\]^ At present, few studies examined the timing of EGFR-TKIs and WBRT. The results of the present study showed that WBRT combined with EGFR-TKI had better iPFS (12.4 months vs 9.1 months) and higher survival benefit (24.5 months vs 21.1 months) compared to WBRT and EGFR-TKI sequential therapy. As shown in the above mechanisms, this may be due to the synergistic effects from the 2 therapeutic approaches.^\[[@R47],[@R48]\]^ The present study also revealed that adverse events were fewer during the simultaneous application of WBRT and EGFR-TKI than during their sequential use. These results are supported by Magnuson et al^\[[@R49],[@R50]\]^ who showed that the upfront use of EGFR-TKI and deferring WBRT resulted in poorer outcomes compared with radiotherapy followed by EGFR-TKI.

The present study is not without limitations. First, this was a retrospective study with a number of confounding factors. Secondly, the sample size was small. Thirdly, this study only included 2 clinically common EGFR mutations, and there was no comprehensive analysis of the EGFR mutations. In the future, more rigorous and prospective clinical studies with large sample size should be designed to further confirm the optimal timing, modes, and doses of WBRT and EGFR-TKI in the treatment of patients with brain metastasis of NSCLC with EGFR mutation, to provide a higher level of evidence-based treatment for those patients.

In conclusion, the concurrent application of EGFR-TKIs and WBRT effectively improved the iORR, median iPFS, and OS of patients with brain metastasis of NSCLC with EGFR mutation compared to concurrent application or EGFR-TKIs alone without additional adverse events.

Author contributions
====================

**Conceptualization:** Hualin Chen, Ming Chen.

**Data curation:** Hualin Chen, Aibing Wu, Hua Tao, Donghong Yang, Yiping Luo, Shujun Li, Zhixiong Yang.

**Formal analysis:** Hualin Chen, Aibing Wu, Hua Tao, Donghong Yang, Yiping Luo, Shujun Li, Zhixiong Yang, Ming Chen.

**Project administration:** Ming Chen.

**Writing -- original draft:** Hualin Chen.

**Writing -- review & editing:** Aibing Wu, Hua Tao, Donghong Yang, Yiping Luo, Shujun Li, Zhixiong Yang, Ming Chen.

Abbreviations: CR = complete remission, CT = computed tomography, CTV = clinical target volume, ECOG = Eastern Cooperative Oncology Group, EGFR = epidermal growth factor receptor, ePFS = extracranial progression-free survival, ESMO = European Society for Medical Oncology, iDCR = intracranial disease control rate, iORR = intracranial objective response rate, iPFS = intracranial progression-free survival, MRI = magnetic resonance imaging, NCCN = National Comprehensive Cancer Network, NSCLC = nonsmall cell lung cancer, OS = overall survival, PD = progressive disease, PR = partial remission, RECIST = Response Evaluation Criteria in Solid Tumors, SD = stable disease, TKI = tyrosine kinase inhibitor, WBRT = whole-brain radiotherapy.

The authors have no conflicts of interest to disclose.
